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(57) Disclosed is atemperature controller and meth-
od for maintaining an optical communication device at
a constant temperature regardless of ambient temper-
ature variation. The temperature controller includes: a
temperature sensor for detecting the current tempera-
ture of a device which is to be temperature-controlled;
and, a temperature comparison section for comparing
the current temperature detected by the temperature
sensor with the predetermined temperature that is a
proper operating temperature for the device, wherein

Temperature controller in optical communication device and method for same

the temperature comparison section further includes: a
differential amplifier for outputting the difference be-
tween signals which are inputted respectively into an-
ode and cathode terminals; and first, second, third, and
fourth resistance pads which are selectively short-
circuited with one another according to temperature
sensor type so as to vary the polarity of the signals input
into the differential amplifier so that PTC and NTC sen-
sors can be used at the same time in a single PCB re-
gardless of temperature sensor type.
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Description

[0001] The presentinvention relates to a temperature
controller designed to maintain an optical communica-
tion device at a constant temperature regardless of am-
bient temperature variations.

[0002] In general, optical communication devices
such as a laser diode and an Arrayed Wavelength Grat-
ing (hereinafter, referred to as AWG) which are used in
Wavelength Division Multiplexing (hereinafter, referred
to as WDM) are sensitive to ambient temperature vari-
ations. Itis preferred that optical communication devices
as described above employ a temperature controller to
maintain a constant temperature, so as to restrict wave-
length transition of a transmitted optical signal and sta-
bilize wavelength of a demultiplexed optical signal in
WDM optical transmission and WDM-PON (Passive Op-
tical Network) transmission, thereby realizing a stable
optical system free from interference from adjacent op-
tical channels.

[0003] Fig. 1is ablock diagram showing the construc-
tion of a temperature controller in a general optical com-
munication device, in which the temperature controller
includes a temperature sensor 10, a temperature com-
parison section 20, a PID control section 30, a current
supply section 40 and a temperature control section 50.
[0004] The temperature sensor 10 detects the current
temperature of an optical communication device 60
such as the AWG. The temperature sensor utilizes a
thermistor, or Pt resistance temperature detector,
whose resistance varies according to temperature var-
iations. The Pt resistance temperature detector has a
Positive Temperature Coefficient (hereinafter, referred
to as PTC) in which its resistance increases as temper-
ature rises. The thermistor has a PTC or Negative Tem-
perature Coefficient (hereinafter, referred toas NTC) ac-
cording to the composition of the materials thereof.
[0005] The temperature comparison section 20 com-
pares a predetermined temperature with a current tem-
perature and generates an error voltage V,,, corre-
sponding to the difference between the predetermined
and current temperature voltages. The temperature
controller establishes the predetermined temperature
by applying a voltage with a general purpose microcon-
troller and a Digital-to-Analog Converter (DAC) or direct-
ly applying a reference voltage V4. The temperature
controller reads a resistance of the temperature sensor
10 attached to the optical communication device 60,
such as the AWG, converts the resistance into a current
voltage V., and then compares the current voltage V
with that of the predetermined temperature so as to ob-
tain the current temperature. The compared error volt-
age is applied to the PID control section 20.

[0006] The PID control section 30 receives the error
voltage from the temperature comparison section, ad-
justs an output voltage so as to conform the current tem-
perature to the predetermined temperature, and applies
the output voltage into the current supply section 40.
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The PID control section may selectively use P-, Pl-, PD-,
PID-control circuits and so on according to temperature
variation characteristics.

[0007] The current supply section 40 amplifies the
output voltage from the PID control section 30 into a high
current using a power operational amplifier (hereinafter,
referred to as OPA) or a PWM (Pulse Width Modulation)
driver, and supplies the high current to the temperature
control section 50.

[0008] The temperature control section 50 controls
the temperature of the optical communication device 60,
based upon the high current applied from the current
supply section 40. The polarity of the current applied to
the temperature control section 50 is determined by the
polarity of the error voltage V,,, which is the difference
between the predetermined and current temperature
voltages in the temperature comparison section 20. If
the error voltage indicates a positive voltage, a positive
current is generated. If the error voltage indicates a neg-
ative voltage, a negative current is generated. Such a
temperature controller may include a heater, a Thermo-
Electric Cooler (hereinafter, referred to as TEC) and so
on. In general, the TEC is in the form of a device for
heating or cooling an object to be temperature control-
led, and used to maintain the temperature of a WDM
laser diode. The TEC or heater is used for the AWG, in
which the heater heats an object to be temperature-con-
trolled regardless of the polarity of the applied current.
[0009] In the temperature controller having the above
construction, it compares the current temperature volt-
age with the predetermined temperature voltage using
an Instrument Amplifier (hereinafter, referred to as 1A)
circuit so that any error can be precisely amplified via
the OP amplifier and the differential amplifier using the
OPA.

[0010] Fig. 2 is a diagram showing a construction of
a temperature comparison section of a temperature
controller employed in a conventional optical communi-
cation device. First, the case where the temperature
comparison section utilizes an IA and employs a Pt re-
sistance temperature detector 51 as a temperature sen-
sor will be described below.

[0011] The Ptresistance temperature detector shows
a PTC characteristic, that is a resistance variation ac-
cording to temperature, in which the resistance thereof
is 100Q at 0 °C and increases 0.385Q for each 1°C rise
in temperature.

[0012] In conversion of a resistance of the Pt resist-
ance temperature detector into a voltage, where it is
supposed that a reference voltage Vref is 3 V, a resist-
ance R is 100Q, and a predetermined temperature is
70°C, a predetermined temperature voltage V1 is set as
1.678V and is input into an anode terminal of the IA 21
while a current temperature voltage is input into a cath-
ode terminal of the 1A 21. Then, an output error voltage
22 of the temperature comparison section is applied with
a positive polarity into a heater or TEC having a temper-
ature maintenance function with the positive polarity
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current at a current supply terminal, so as to maintain a
desired temperature.

[0013] Next, the temperature comparison section
may utilize a thermistor 51 having an NTC characteris-
tic. The thermistor shows a resistance of 100kQ at 25°C
and about 14.6kQ at 70°C. Where R is 100kQ, the volt-
age of the set temperature is about 0.382V. The set tem-
perature is input into the cathode terminal of the |1A while
the current temperature voltage is input into an anode
terminal of the IA so as to supply current to the TEC or
heater through the PID control.

[0014] The currenttemperature voltage increases ap-
proaching the predetermined temperature in the PTC
sensor as set forth above while the current temperature
voltage decreases to approach the predetermined tem-
perature in the NTC sensor. That is, the current temper-
ature voltage is input into the anode terminal of the 1A
in the case of the PTC sensor but into the cathode ter-
minal of the IA in the case of the NTC sensor thereby
restricting application of the NTC and PTC sensors in a
single PCB at the same time.

[0015] It is the object of the present invention to pro-
vide a temperature controller in an optical communica-
tion device, which can incorporate a PTC sensor and an
NTC sensor simultaneously, even while using a single
PCB, regardless of the type of temperature sensor.
[0016] This object is solved by the subject matters of
the independent claims. Preferred embodiments are de-
fined in the dependent claims.

[0017] One aspect of the present invention is to pro-
vide a temperature controller in an optical communica-
tion device, including:

a temperature sensor for detecting the current tem-
perature of a device which is to be temperature-con-
trolled; and, a temperature comparison section for
comparing the current temperature detected by the
temperature sensor with a predetermined temper-
ature that is a proper operating temperature for the
device, wherein the temperature comparison sec-
tion further includes: a differential amplifier for out-
putting the difference between signals which are in-
put respectively into anode and cathode terminals;
a first resistance pad connected to the temperature
sensor; a second resistance pad connected to the
anode terminal of the differential amplifier and
spaced apart from the first resistance pad; a third
resistance pad connected to the cathode terminal
of the differential amplifier and spaced apart from
the first and second resistance pads; and, a fourth
resistance pad for receiving a signal corresponding
to the set temperature and spaced apart from the
first, second, and third resistance pads, wherein the
first to fourth resistance pads are selectively short-
circuited with one another according to temperature
sensor type so as to vary the polarity of the signals
input into the differential amplifier.
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[0018] Inthe embodiment, the temperature sensor in-
cludes a PTC sensor, and the first and second resist-
ance pads are short-circuited with each other, and the
third and fourth resistance pads are short-circuited with
each other. The temperature sensor includes an NTC
sensor, and the first and third resistance pads are short-
circuited with each other, and the second and fourth re-
sistance pads are short-circuited with each other. Fur-
ther, the temperature controller further includes at least
one resistor of 0Q for short-circuiting the resistance
pads with one another.

[0019] In another embodiment of the present inven-
tion, a method of maintaining the temperature of an op-
tical communication device is provided is provided. The
method includes the steps of: detecting the current tem-
perature of a device which is to be temperature-control-
led; comparing the current temperature to a predeter-
mined temperature to be maintained; generating a sig-
nal which represent the difference between the current
temperature and the predetermined temperature; and,
providing four resistance pads which are selectively
short-circuited with one another according to tempera-
ture sensor type so as to vary the polarity of the signals
input into the differential amplifier.

Fig. 1is a block diagram illustrating the construction
of a temperature controller in a general optical com-
munication device;

Fig. 2 illustrates a temperature comparison section
of a temperature controller in a general optical com-
munication device;

Fig. 3 is a PCB layout of a temperature comparison
section of a temperature controller in an optical
communication device of the present invention;
Fig. 4 is a PCB layout of a temperature comparison
section of the present invention using an NTC tem-
perature sensor; and,

Fig. 5 a PCB layout of a temperature comparison
section of the present invention using a PTC tem-
perature sensor.

[0020] In accordance with the present invention, a
preferred embodiment of the present invention will be
described in detail with reference to Figs. 3 to 5. In these
drawings, it is to be understood that like reference nu-
merals or symbols refer to like elements even though
they are shown in different drawings. For the purposes
of clarity and simplicity, well-known functions or con-
structions will not be described in detail as they would
unnecessarily obscure the understanding of the inven-
tion.

[0021] Fig. 3 is a PCB layout of a temperature com-
parison section of a temperature controller in an optical
communication device of the invention.

[0022] As shown in Fig. 3, the temperature compari-
son section of the temperature controller of the invention
is designed in such a manner that a differential amplifier
100, e.g. IAand OPA, can execute positive and negative
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input using resistance pads 1 to 4 at the front end in a
single PCB.

[0023] The resistance pads include the first resist-
ance pad 1 connected to a temperature sensor, the sec-
ond resistance pad 2 connected to an anode terminal of
the differential amplifier 100, the third resistance pad 3
connected to a cathode terminal of the differential am-
plifier 100, and the fourth resistance pad 4 for receiving
a signal corresponding to a set temperature. The resist-
ance pads 1 to 4 are arranged so as to be spaced the
same vertical and horizontal distance from one another.
Based upon a terminal into which the signal is inputted,
a procedure for short-circuiting the resistance pads is
provided. This procedure will be explained in detail in
reference to Figs. 4 and 5 as follows.

[0024] Fig. 4 illustrates a PCB layout where an NTC
sensor is used. The temperature controller using the
NTC sensor has a current temperature voltage larger
than a predetermined temperature voltage, and de-
creases the current temperature voltage through tem-
perature control. In the temperature controller using the
NTC sensor, the current temperature voltage is inputted
into the anode terminal of the IA 100 and the predeter-
mined temperature voltage is inputted into the cathode
terminal of the 1A 100.

[0025] Referring to Fig. 4, in order to input the current
temperature detected via the NTC sensor into the anode
terminal of the IA 100, the first and second resistance
pads 1 and 2 are short-circuited with each other via a
resistor 12 of 0Q . In order to input the predetermined
temperature into the cathode terminal of the IA 100, the
third and fourth resistance pads 3 and 4 are short-
circuited with each other via a resistor 34 of 0Q .
[0026] Fig. 5 illustrates a PCB layout where a PTC
temperature sensor is used. The temperature controller
using the PTC sensor has a current temperature voltage
less than a predetermined temperature voltage, and in-
creases the current temperature voltage through tem-
perature control. In the temperature controller using the
PTC sensor, the current temperature voltage is inputted
into the cathode terminal of the IA 100 and the prede-
termined temperature voltage is inputted into the anode
terminal of the 1A 100.

[0027] Referring to Fig. 5, in order to input the current
temperature detected via the PTC sensor into the cath-
ode terminal of the 1A 100, the first and third resistance
pads 1 and 3 are short-circuited with each other via a
resistor 13 of 0Q . In order to input the predetermined
temperature into the anode terminal of the IA, the sec-
ond and fourth resistance pads 2 and 4 are short-
circuited with each other via a resistor 24 of 0Q.
[0028] As set forth above, the present invention can
selectively short-circuit the first to fourth resistance pads
with one another according to the temperature sensor
in use for the temperature controller so as to vary the
polarity of signals inputted to the differential amplifier.
Therefore, the PTC and NTC sensors can be used si-
multaneously resulting in a savings of cost and time
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since the manufacturing of additional PCB's is not nec-
essary.

[0029] While the present invention has been shown
and described in connection with the preferred embod-
iment, it is to be understood to those skilled in the art
can make various modifications and variations to the
present invention without departing from the scope of
the appended claims. For example, the voltage applied
to the input terminal of the IA or OPA in addition to the
temperature controller can be varied according to short-
circuiting methods of the resistance pads. Accordingly
the scope of the present invention is not be restricted to
the foregoing embodiment of the invention but shall be
defined by the following claims and equivalents thereof.

Claims

1. Atemperature controller used in an optical commu-
nication device for conforming a current tempera-
ture, comprising:

a temperature sensor arranged for detecting
the current temperature ; and

a temperature comparison section adapted for
comparing the current temperature detected by
the temperature sensor with a predetermined
temperature indicative of a proper operating
temperature for the device, the temperature
comparison section comprising,

a differential amplifier adapted for output-
ting a difference between signals which are
inputted respectively into anode and cath-
ode terminals thereof;

afirst resistance pad connected to the tem-
perature sensor;

a second resistance pad connected to the
anode terminal of the differential amplifier
and spaced from the first resistance pad;
a third resistance pad connected to the
cathode terminal of the differential amplifi-
er and spaced from the first and second re-
sistance pads; and,

afourth resistance pad arranged for receiv-
ing a signal corresponding to the predeter-
mined temperature and spaced from the
first, second, and third resistance pads,
wherein the first to fourth resistance pads
are selectively short-circuited with one an-
other according to a type of the tempera-
ture sensor so as to vary the polarity of the
signals inputted into the differential ampli-
fier.

2. The temperature controller according to claim 1,
wherein the temperature sensor comprises an NTC
sensor, the first and second resistance pads being
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short-circuited with each other, and the third and
fourth resistance pads being short-circuited with
each other.

3. The temperature controller according to claim 1, 5
wherein the temperature sensor comprises a PTC
sensor, the first and third resistance pads being
short-circuited with each other, and the second and
fourth resistance pads being short-circuited with
each other. 10

4. The temperature controller according to one of
claims 1 to 3, further comprising at least one resistor
having resistance of 0Q which short-circuits the re-
sistance pads with one another. 15

5. A method of maintaining the temperature of an op-
tical communication device, comprising:

detecting a current temperature of the device; 20
comparing the current temperature to a prede-
termined temperature;

generating a signal which represent a differ-
ence between the current temperature and the
predetermined temperature; and, 25
providing a plurality of resistance pads that are
selectively short-circuited with one another ac-
cording to a type of the temperature sensor so

as to vary the polarity of the signals inputted

into the differential amplifier. 30

6. The method according to claim 5, adapted to oper-
ate the temperature controller of one of claims 1 to
4.
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